The graphene is a native two-dimensional crystal material consisting of a single sheet of carbon atoms. In this unique one-atom-thick material, the electron transport is ballistic and is described by a quantum relativistic-like Dirac equation rather than by the Schrödinger equation. As a result, a graphene barrier behaves very differently compared to a common semiconductor barrier. We show that a single graphene barrier acts as a switch with a very high on-off ratio and displays a significant differential negative resistance, which promotes graphene as a key material in nanoelectronics.
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The graphene is a monolayer-thick sheet of graphite formed by a repetitive honeycomb lattice in which carbon atoms bond covalently with their neighbours. The graphene constitutes the basic structure of many carbon-based materials. For example, when the graphene is stacked it forms the graphite, and when it is rolled up it forms the carbon nanotube, which is a key material for many nanoelectronic devices working in a wide spectral range, from few hundred of MHz to X rays.
Until recently, it was alleged that graphene as a monolayer cannot exist in a free state, but experiments have succeeded to isolate such a carbon monolayer using mechanical exfoliation 1 from pyrolytic graphite and to deposit it on a SiO 2 layer grown on a doped Si substrate. The entire structure behaves like a field effect transistor if metallic electrodes are added to the graphene. Micromechanical manipulation techniques are also used to fabricate graphene of various dimensions. 2 These methods are able to produce large graphene sheets, up to 100 µm in size. In graphene the electron and hole states are correlated through chargeconjugation symmetry, their transport being described by a Dirac-like equation, which is a relativistic-like quantum equation for particles with spin ½. This is an astonishing situation since in common semiconductors and the heterostructures based on them two unrelated Schrödinger equations describe the electron and hole transport, respectively. There are also other striking differences between physicals effects in graphene and common semiconductors, such as Landau levels and Hall conductivity. In this respect, Ref. 3 is a very recent review dealing with the physical properties of graphene.
The dispersion relation in graphene is linear for both electrons and holes:
where is the Fermi velocity and the positive sign corresponds to electrons, while the negative sign is assigned to holes. This unusual dispersion relation indicates that graphene is a gapless semiconductor because the conduction and valence bands touch in one point, often
termed Dirac point. In addition, this linear dispersion relation in graphene is encountered in 
, with E the electron energy. Before illustrating the behaviour of the transmission coefficient with several parameters, we must emphasize once again the peculiar charge transport mechanism in graphene. In the regions where the electron energy E is higher than the potential energy, as is the case in the first and last region in Fig. 1 , charge transport is assured by electrons, whereas in the barrier region, when the electron energy is lower than the potential energy, holes assume the charge transport role. The term "barrier" does not indicate in this case a region of evanescent propagation, as in common semiconductors, but a region in which charge transport is undertaken by holes instead of electrons. Therefore, although it is mathematically possible that for certain combinations of the parameters , V, and Further, in Fig. 3 the characteristics of the graphene barrier at room temperature are displayed for the structures considered in Fig. 2 : curves are plotted at various Fermi wavenumbers , when and
nm. The V I − curve was calculated using the Landauer formula. We can see from Fig. 3 that a very pronounced negative differential resistance region is occurring. Increasing , the peak-to-valley ratio of this region is increasing in the range 2.5-4 in our simulations, but the maximum value of current is decreasing. Different Fermi wavenumbers can be selected by n-doping. The existence of the negative differential resistance region is due to the gap in the transmission coefficient. This is exactly the opposite situation to resonant tunnelling diodes made of semiconductor heterostructures, where the physical origin of the peak in the current is due to a narrow peak in transmission.
The negative differential resistance is the physical mechanism at the heart of generation of monochromatic signals of high frequencies, up to THz, as described in Ref. In conclusion, the two-dimensional graphene barrier in which electrons are transported ballistically and are described as massless fermions (solutions of the Dirac equation) shows very abrupt ON-OFF transmission characteristics for appropriate values of its parameters and displays a significant negative differential resistance region. Both these characteristics are not encountered in any single layer of semiconductor material in which electron transport is described by the Schrödinger equation. Therefore, the transport properties of graphene are unique and single barrier layers of this material can be used instead of multiplayer common semiconductor devices for more compact integrated devices. In particular, unexpected applications for nanoscale high frequency devices, can be envisaged for graphene barriers. 
